Changes in venous lumen size and shape do not affect the accuracy of volume flow measurements in healthy volunteers and patients with primary chronic venous insufficiency  by Lurie, Fedor et al.
522
domination of the axial direction of the flow, circular
shape of the cross-section of the vessel, and the constant
cross-sectional area (CSA) of the vessel. The two last
assumptions are the most critical for the accuracy of VF
calculations and, at the same time, the most vulnerable
to the critique. CSA of the common femoral vein has
been shown to change with body position.6 The shape of
the vein can change depending on the pressure inside
the vessel.7 These changes of venous lumen occur slowly
and are associated with reciprocal changes in the veloci-
ties of the flow.6,8 Therefore, their influence on the VF
is minimal.
In clinical practice, venous hemodynamic assessments
are performed during such fast-changing conditions as
reflux and flow augmentation maneuvers. These events are
associated with a magnitude of flow changes that dramat-
ically exceed physiologic limits. The duration of the aug-
mentation of the flow and reflux time are significantly
shorter than the normal cycle. Therefore, published obser-
vations cannot be applied to these conditions.
The purpose of this study is the analysis of the rapid
changes in the size and shape of the peripheral vein and
the associated changes in blood flow velocities and the
estimation of the effect these changes have on the reliabil-
ity of the ultrasound scan VF measurements.
The segmental volume flow (VF) is the essential char-
acteristic of venous circulation. The ability to measure the
VF reliably in both directions (outflow, reflux) can provide
valuable clinical information. Regardless of existing limita-
tions, ultrasound scan measurements of the VF show
promising potential in the assessment of arterial and
venous hemodynamics1-3 and have been validated in vitro
and in vivo.4,5
The physical nature of the blood flow and the limita-
tions of ultrasound scan technology make accurate mea-
surements of the VF impossible at the present time.
However, the flow measurements can achieve sufficient
repeatability. We address this issue in a separate paper.
The VF measurements are made on the basis of a
number of assumptions, such as cyclic flow pattern,
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Purpose: The purpose of this study was the analysis of the rapid changes in the size and shape of the peripheral vein and
the associated changes in blood flow velocities and the estimation of their effect on the reliability of the ultrasound scan
volume flow (VF) measurements.
Methods: Ten patients with primary chronic venous insufficiency and 10 healthy volunteers were studied. Two duplex
scanners were used simultaneously: one for the velocity measurements in longitudinal plane and another for the cross-
sectional area (CSA) measurements in transverse plane during quiet respiration, Valsalva’s maneuver (VM), pneumatic
cuff compression-decompression, and active dorsiflexion. The patients underwent examination in standing and 15-
degrees reverse Trendelenburg’s (RT) positions. VF was calculated on the basis of real-time CSA and velocity values.
Results: Rapid changes in the CSA as much as 130% for 0.2 seconds were observed. In most cases, the changes in CSA
and the flow velocity were inversely related, which resulted in near constant VF. With the exception of VM in the RT
position, the difference between real-time VF and mean VF was not significant (P > .05). In the RT position, signifi-
cant changes in CSA were observed during and immediately after VM. These changes resulted in 23% ± 15% changes
in outflow (both groups) and in 24% ± 13% changes in reflux (chronic venous insufficiency group).
Conclusion: The CSA of the peripheral vein and the flow velocities undergo rapid changes during time intervals of a
fraction of a second. The vein can have a noncircular cross-section. To minimize the potential error, VF measurements
should be performed during quiet respiration or with cuff compression-decompression. With these conditions, the
rapid changes in velocities and CSA do not significantly affect the accuracy of VF measurements because of their inverse
relation. CSA should be measured planimetrically, or the site of the measurements should be where the vein is close to
a circular shape. (J Vasc Surg 2002;35:522-6.)
METHODS
Ten patients with primary chronic venous insufficiency
and 10 healthy volunteers participated in the study. All the
patients had reflux in the superficial femoral vein (SFV).
Each patient was placed in a standing position and in a 15-
degrees head-up position in random order. After a 5-
minute equilibration time, the outflow measurements
were performed during quiet respiration. Then, the mea-
surements were performed during the following flow aug-
mentation and reflux-initiation maneuvers: during
Valsalva’s maneuver (reflux) and immediately after release
of Valsalva’s maneuver (outflow), during pneumatic cuff
rapid compression (outflow) and decompression (reflux),
and during active dorsiflexion (outflow) and immediately
after dorsiflexion (reflux). The studied segment of SFV
was located 5 to 8 cm caudal to the confluence with pro-
funda femoris vein and was at least 2 cm away from the
nearest valve.
Two ultrasound scanners were used simultaneously
(HDI 3000, ATL Ultrasound, Bothell, Wash). The probe
of the first scanner was positioned transverse at 90 degrees
to the axis of the vein. This scanner was set in a grayscale
B-mode and tracked changes in the shape and size (area)
of the cross-section of the vein. The probe of the second
scanner was placed longitudinal to the axis of the vein
plane. This scanner was set in the real-time synchronized
duplex scan mode and was used to register velocity
changes. The ultrasound scan beam angle was maintained
at 60 degrees to the axis of the vein. Images from both
scanners were synchronously videotaped and then ana-
lyzed frame-by-frame. CSA and mean and peak velocities
were measured with 0.2-second intervals with LASICO
1282 planimeter (LASICO, Los Angeles, Calif). Our pilot
study of planimetric measurements of ultrasound scan
images showed high intraobserver (r = 0.98; P < .001) and
interobserver (r = 0.96; P < .001) reliability. These mea-
surements were much more reliable than the use of the
built-in software of the machine (intraobserver: r = 0.87;
interobserver: r = 0.76).
Changes in CSA and velocities were defined as sin-
directional if both CSA and velocities either increased or
decreased (direct relations) during 0.2-second measure-
ment intervals. The changes were contra-directional if one
of the parameters increased and another decreased (reverse
relations).
VF was calculated with two approaches (Fig 1). The
standard method of VF calculation was on the basis of the
estimation of CSA from a measured mean diameter of the
vein in a longitudinal plane, with the following mean
velocity time integral: VF = VTI × CSA/t; CSA = π ×
D2/4 (with D, mean SFV diameter during time of mea-
surement; VTI, velocity time integral during time of mea-
surement; and t, time of measurement).
The second method used planimetrically measured
CSA. The VF was calculated for each of the 0.2-seconds
intervals on the basis of CSA (CSAi) and mean velocity
time integral (VTIi) measured during this interval. The VF
was defined as a sum of all intervals VF during the total
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time of measurement in the following equation: VF =
(VF1 + VF2 + … + VFi)/t (with VFi = CSAi × VTIi).
Student t test and analysis of variance were used to test
the significance of the difference between the means.
Pearson coefficient was used to test linear correlation. Sign
test and Wilcoxon matched-pairs signed rank test were
used for analysis of binominal data. Friedman test was
used as a nonparametric alternative to repeated measures
analysis of variance.
RESULTS
Velocities and CSA constantly changed in all the stud-
ied subjects. Even with the patient at rest, rapid changes in
CSA as much as 86% for 0.2 seconds were observed.
During outflow, the magnitude of changes was higher
in the 15-degree head-up position than in the standing
position (P < .02). Changes in velocities and CSA during
cuff compression were not different than during quiet res-
piration. The other methods of augmentation, dorsiflex-
ion, and release of Valsalva’s maneuver produced higher
magnitude of velocity changes (P < .001) and smaller
changes in CSA (P < .001) as compared with those at rest.
Changes during outflow in healthy volunteers were not
different from those in patients with chronic venous insuf-
ficiency.
Changes in CSA and velocities were inversely related
in all subjects (Fig 2). Contra-directional changes were
registered in 73% of 0.2-second intervals during outflow,
in 63% after release of Valsalva’s maneuver, in 84% during
cuff compression, and in 81% during dorsiflexion. The
domination of contra-directional changes was statistically
significant in all subjects regardless of position of the body
(P < .001 ).
Fig 1. Two methods of calculation of volume flow (VF). A,
Standard method uses value of diameter measured in longitudinal
plane and velocity time integral (VTI) measured during entire
cycle. This method is on basis of assumption of constant circular
cross-section of vein. B, Real-time method uses planimetrically
measured cross-sectional areas (CSA) of vein perpendicular to
axis plane and corresponding VTI. Both CSA and VTI are mea-
sured during each of 0.2-second intervals of cycle and then added
together. This method takes into account rapid changes in size
and shape of vein and corresponding changes in flow velocities.
D, Mean superficial femoral vein diameter during time of mea-
surement; t, time of measurement.
During reflux, contra-directional changes dominated
in all cases in the standing position (P < .001) but only
after cuff decompression in the 15-degree head-up posi-
tion. Changes in CSA during reflux in the standing posi-
tion strongly correlated with changes in velocities (r =
–0.6; P < .001). During reflux in the 15-degree head-up
position, significant correlation was found only after cuff
decompression (r = –0.7; P < .05). CSA changes during
reflux were significantly lower after cuff decompression
than during Valsalva’s maneuver (P < .001) or after dorsi-
flexion (P < .03).
When rapid changes in CSA and velocities were taken
into account, the values of calculated VF were different
from those on the basis of the mean flow and constant
CSA (standard calculations; Fig 1). This difference was
significantly less for measurements performed in the
standing position as compared with the 15-degree head-
up position (Table). The shape of the cross-section of the
vein was not circular in most of the cases. The deviation
from the ideal circle was more prominent in the 15-degree
head-up position. The mean difference of the diameter
measurements taken in two perpendicular axes was 8.2% ±
0.2% in the standing position, which is significantly differ-
ent from the expected zero difference in the case of a cir-
cle (P < 0.001). With the exception of Valsalva’s
maneuver, the cross-sectional shape of the vein remained
almost the same despite increases and decreases in size.
The difference between the planimetric measurement of
CSA and CSA calculated on the basis of mean diameter
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measured in longitudinal plane was on average 24% in the
15-degree head-up position (P < .001) and 16% in the
standing position (P < .001).
DISCUSSION
Changes in CSA of the vein and associated changes in
venous flow velocities and pressures have been reported.6-
8 These publications, however, described slow changes
during periods of minutes and hours in response to change
of position or with stress factors.
Our observations showed that significant changes in
venous CSA and flow velocities frequently occur during
quiet respiration, augmentation maneuvers, and, in patho-
logic conditions, reflux. The time of these changes can be
as short as 0.2 seconds. Although CSA and velocities
change constantly, the magnitude of these changes
depends on the position of the body. We observed higher
magnitude of changes in the 15-degree head-up position
as compared with standing. The explanation of these find-
ings may be that the baseline hydrostatic pressure in the
standing position is higher. It has been shown that the
ability of the vein to enlarge decreases with the increase of
intravenous pressure, mainly because the deformability
limits of the wall.7,9,10
Different augmentation and reflux-provoking maneu-
vers produce changes in CSA and velocities of different
magnitude. Changes during cuff compression-decompres-
sion are similar to those during quiet respiration. Reflux
during Valsalva’s maneuver and outflow after its release
Fig 2. Cross-sectional area (CSA) of vein and mean peak velocity of venous flow were measured with 0.2-
second intervals. Subject was resting in 15-degree head-up position with quiet respiration. Changes in CSA
and velocity are contra-directional during most of cycle, with exception of time interval from 1.4 to 1.8
seconds when these changes are sin-directional. Contra-directional changes in this case were registered
during eight of 10 0.2-second intervals (80%).
were associated with high velocities and small CSA changes,
resembling the filling of an empty, low-resistance vessel.
This difference in the behavior of the venous wall can be a
possible explanation for the superiority of cuff compression-
decompression as a reflux-provoking maneuver as com-
pared with Valsalva’s maneuver.11,12 Evans et al13
recommended the individualization of the pressure in the
cuff to produce comparable flow velocities in every patient.
The fact that venous diameter and flow velocity are
inversely related6,13 has a clear physical explanation on the
basis of inverse relation between flow velocity and pressure
on the wall.9,10 However, this theoretic basis is limited to
relatively slow processes. Rapid changes introduce addi-
tional variables, such as nonlinear elastic properties of the
venous wall, elastic hysteresis, and changes in the venous
tone.9,10,14 These factors cause delay in the venous wall
reaction to the pressure changes and can contribute to the
registration of sin-directional changes of CSA and velocities.
In our observations, rapid changes in CSA and velocities
were immediately inversely related most of the time but not
all of the time. Despite this complexity, reversed relations
between CSA and velocity were dominant and correlation
between these two parameters was statistically significant.
The inverse relations between changes in CSA and
velocities play an important role in respect to volumetric
flow measurements. Because VF is an integrated product
of velocity and CSA, the contra-directional changes of
these parameters resulted in almost constant VF.
Therefore, the measurement error of mean values for VF
calculation is minimized.
The difference between the values calculated with the
standard method (on the basis of mean CSA) and with the
real-time method is an estimator of the error associated
with rapid changes in CSA and flow velocities. With the
exception of Valsalva’s maneuver in the 15-degree head-
up position, the difference between the two methods did
not exceed 15%. This difference was in the 8% range for
outflow measurements during quiet respiration and reflux
measurements during cuff compression-decompression
maneuver.
The shape of the vessel is a critical factor in CSA cal-
culations and, therefore, in VF measurements. Published
reports are based on the assumption of a circular cross-sec-
tional shape of the vessel.6 It has been shown that ex vivo
veins can change their cross-sectional shape in response to
intraluminal pressure.7-9 The in situ behavior of the
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venous wall is more complex than the model of the col-
lapsible tube because the veins are intimately connected to
surrounding tissues and structures that limit the mobility
of the wall in all directions.15
Our observations show that the estimation of CSA
with the measurement of the diameter of the vessel and
the assumption of the circular shape of its cross-section
may introduce significant error (on average 24%) when the
fixed site of the measurements was followed. This was a
significant limitation of the study. Other venous segments,
which have a more circular shape, would be preferable for
the standard method of VF measurement.
Volumetric measurements of the venous flow are not
widely used in clinical practice. One of the most important
reasons is the questionable reliability of this method.
Because of the physical nature of the blood flow and the
limitations of ultrasound scan technology, it is impossible
to measure VF accurately at the present time. However, it
has been shown that the systematic error is constant.16
Therefore, the flow measurements can have high repeata-
bility. The fact that the systematic error is constant opens
the opportunity to increase reliability of volumetric mea-
surements with use of ratios instead of absolute values.
Ratios of VF can potentially be used for quantification
of obstruction and reflux. In the case of reflux, so-called
reflux index, or ratio of VF during reflux and during aug-
mentation, has been validated in vitro5 and used in clini-
cal studies.17,18
These ratios, however, do not account for changes in
the size and shape of the vessels. Therefore, it is necessary
to know whether these changes occur during measure-
ments, how much influences the accuracy of the measure-
ments, and how to optimize the measurements of the VF.
This study showed that the CSA of the peripheral vein
(SFV) and the velocities of the venous flow undergo rapid
changes during time intervals of a fraction of a second.
Another finding was that the vein can have a noncircular
cross-section and maintain this shape regardless of changes
in its size. Each of these factors introduces a significant
error in volumetric flow measurements. To minimize the
potential error, two conditions should be met. First, VF
measurements should be performed during quiet respira-
tion or with cuff compression-decompression as an aug-
mentation and reflux-provoking maneuver. With these
conditions, rapid changes in velocities and CSA do not
significantly affect the accuracy of ultrasound scan VF
Difference between volume flow values calculated with standard and real-time methods
15-Degree head-up position Standing position
Valsalva’s Cuff compression- Valsalva’s Cuff compression-
Baseline maneuver Dorsiflexion decompression Baseline maneuver Dorsiflexion decompression
Outflow 8.2 ± 1.3 21.5 ± 3.0 16.9 ± 2.9 11.2 ± 1.7 7.9 ± 1.1 10 ± 1.8 16.3 ± 5.6 7.2 ± 1.6
Reflux 20.7 ± 5.4 15.3 ± 9.3 10.4 ± 4.9 11.3 ± 3.1 12.6 ± 2.7 8.1 ± 5.3
Difference is expressed as percent of volume flow value calculated with real-time method.
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measurements because of the inverse relation between
CSA and velocities. Second, the CSA should be measured
planimetrically, or the site of the measurements should be
where the vein is close to a circular shape.
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